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1 Introduction
In the RAN1 #59bis meeting, it has been discussed on SRS enhancement. The followings were captured in RAN1 chairman’s note.
Agreed:

· Independent SRS configuration per CC in case of carrier aggregation
Email discussion until RAN1#60 to aim to identify areas for enhancement

· need for dynamic aperiodic sounding

· if so, details

· need for sounding via DMRS

· need for increased SRS multiplexing possibilities

· if so, which methods

· need for multi-cell coordination / randomisation

· which methods if any

· need for precoded SRS

· need for SRS coverage enhancement

· need for non-contiguous SRS transmission

In this contribution, we discuss some alternatives for SRS enhancement above and provide consideration aspects for further progress.
2 Enhanced SRS for LTE-A System
There can be several approaches to enhance or extend Rel-8 SRS transmission functionality. Assuming the same SRS configuration with Rel-8 SRS (limited SRS capacity), the introduction of multiple transmission antennas to LTE-A UE inevitably causes SRS resource shortage when LTE-A system tries to achieve an optimal uplink performance according to the adoption of LTE-A feature such as SU-MIMO. The resource shortage of SRS would result in longer channel measurement latency and less accurate channel measurement. To mitigate the performance degradation, there can be the enhanced SRS usage model or the extension of SRS resource. In this section, we discuss on some alternatives for SRS enhancements. 
· Dynamic aperiodic sounding
Departing from the Rel-8 SRS scheme as periodic SRS transmission, the SRS resource utilization can be further optimized if the sounding transmission for extended antennas is signaled on-demand. And as considering to allow a UE to simultaneously transmit SRS from multiple antennas, dynamic aperiodic sounding could be an efficient method in order to support LTE-A feature such as SU-MIMO and multi-cell operation. However, it should be noted that the dynamic aperiodic sounding would cause relatively large control overhead compared to that of Rel-8 SRS signaling. It might have an impact on perspective of UE’s complexity such as blind decoding. 
Therefore, it seems to be reasonable to study how to allocate/signal dynamic aperiodic sounding resource on the condition of not increasing the number of UE’s blind decoding.
The followings should be further studied for dynamic aperiodic sounding: 

· How to allocate aperiodic sounding resource (sounding via DM-RS or reuse of SRS resource)
· Signalling support of dynamic aperiodic sounding

· How to multiplex between periodic sounding and aperiodic sounding
· How to support UE with multiple antennas through dynamic aperiodic sounding 

· Increased SRS multiplexing possibilities
Some proposals as methods to increase SRS multiplexing capacity have been discussed on the previous RAN1 #59bis meeting. The sounding via DM-RS could be considered as a candidate for increasing SRS capacity, even though the performance evaluation is needed for an impact regarding to the channel estimation performance to multiplexed UEs and inter-cell interference. Differently from reusing existing SRS resource, the sounding via DM-RS can provide additional resource for SRS transmission by utilizing unused CS resource as DM-RS for PUSCH transmitting UE through two slots in a sub-frame.
As another solution with this objective, possible modification points of Rel-8 SRS structure can be the number of comb (e.g. RPF=4) and the number of cyclic shifts (e.g. total # of CS=12 or 16). Capacity extension with RPF or cyclic shift has inherently the same fundamental based on the assumption of small delay spread, which may be often observed with LTE-A deployment such as relay/pico/femto cells in hot-spot area. However, under the large delay spread environment, there would be a limit on the available cyclic shifts. In the point of backward compatibility, changing RPF needs careful coordination between Rel-8 UEs and LTE-A UEs so that they are not mixed within the same SRS transmission comb [9]. In case of extending cyclic shifts, LTE-A and legacy UE can be easily multiplexed with the same SRS transmission band without a performance loss even in large delay spread, if increased CSs for SRS in LTE-A are multiple of 8 which is fixed to LTE Rel-8
The extended CS or increasing comb has to be investigated further as methods to increase SRS multiplexing capacity with configurability according to channel condition. The sounding via DM-RS can be considered as an alternative for sounding capacity enhancement.
· SRS coverage enhancement

Considering that LTE-A UEs have multiple power amplifiers and antennas, the coverage of sounding RS can be a significant issue due to the fact that transmission power of each antenna could be reduced by sharing the total transmit power of UE according to the number of transmit antennas. Therefore, SRS coverage enhancement is required for UE with multiple transmit antennas since the SRS coverage of UE employing multiple antennas in LTE-A could be reduced as compared to Rel-8 coverage with single antenna. 
The sounding via DM-RS as aperiodic sounding can be considered as a method to enhance SRS coverage since DM-RSs of consecutive slots in a sub-frame can be utilizing for sounding contrary to reusing SRS resource. And repetitive SRS transmission in the consecutive sub-frames can be useful to enhance SRS coverage for the power limited UEs on cell edge.
Current Rel-8 SRS has minimum 4 PRB structure for sounding transmission. By shrinking the minimum SRS bandwidth for coverage limited UE, the same PSD per SRS bandwidth can be easily achievable even with multiple transmit antennas as compared with Rel-8. However, it will cause additional sounding latency due to longer cycling time to measure scheduling BW as well as non-backward compatible to Rel-8.

Further investigation would be necessary for the following two possibilities:

· Repetitive SRS transmission

· Sounding via DM-RS
3 Conclusion
In this contribution, we investigated the potential candidates for SRS enhancement on LTE-Advanced and provided consideration aspects for further progress on identified area of SRS enhancement. The discussion can be summarized as followings:
· The followings should be further studied for dynamic aperiodic sounding: 

· How to allocate aperiodic sounding resource (sounding via DM-RS, reuse of SRS resource).

· Signalling support of dynamic aperiodic sounding.

· How to multiplex between periodic sounding and aperiodic sounding.

· How to support UE with multiple antennas through dynamic aperiodic sounding.

· The extended CS or increasing comb has to be investigated further as methods to increase SRS multiplexing capacity with configurability according to channel condition. The DM-RS based sounding can be considered as an alternative for sounding capacity enhancement.
· Further investigation would be necessary for the following two possibilities:
· Repetitive SRS transmission
· Sounding via DM-RS .
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